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Tuesday, February 5, 2013 391ab-hairpins with a turn at 26Ser-27Asn were used to construct the single-layered
b-sheet barrels with different sizes (4-, 6-, 8-, and 10-mer). We considered two
potential b-sheet motifs: turn-next-to-turn b-hairpins in NCNC packing mode
and turn-next-to-tail b-hairpins in NCCN packing mode, where N and C denote
the N- and C-terminal strands, respectively. In the NCNC b-hairpins packing,
the disordered N-termini are located at the one side of the bilayer, while in the
NCCN b-hairpins packing they are located at both bilayer sides. In our simu-
lations, the smaller b-hairpin barrels (4- and 6-mer), whether they started
from b-hairpin bundle or preassembled b-barrel structures, are too narrow to
conduct ions and therefore do not preserve the solvated pores. In contrast,
the larger b-hairpin barrels (8- and 10-mer) present the solvated pores, wide
enough for conducting ions and water. The structures of large barrels are
very similar to naturally occurring b-barrels in membrane, suggesting possible
variants of Ab channels with the single-layered b-sheet motif. We also ob-
served that the Osaka mutant (Ab1-42 E22D, a deletion of 22Glu) barrels formed
by the U-shaped peptides can only be stabilized by the inner b-sheet after
breaking the outer b-sheet due to the loss of hydrophobic pocket between the
sheets. This suggests that toxic amyloid ion channels are polymorphic in the
common b-barrel motif. Funded by Frederick National Laboratory for Cancer
Research, National Institutes of Health, under contract HHSN261200800001E.
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The misfolding of amyloidogenic proteins as a molecular switch can lead to
Alzheimer’s, Parkinson’s, prion diseases and other neurodegenerative diseases.
However, the molecular mechanism of the misfolding is not well understood. In
our recent AFM force spectroscopy study of a yeast prion Sup35 protein frag-
ment (CGNNQQNY), we have shown that this peptide forms stable misfolded
dimers. Electrostatic interactions contribute to the formation of dimers and pep-
tide self-assembly into aggregates1. In this study, we applied Molecular Dy-
namics (MD) simulation to elucidate the mechanism by which the peptide
assembles into dimers. At ms timescale, the isolated peptide monomer [Cys6]
Sup35(6-13) adopted a non-structured b-turn/bend-like conformations. Upon
approaching, the two monomers changed their initial conformation and formed
a dimer with a well-defined antiparallel b-sheet structure. SteeredMD approach
was applied to analyze the rupture process for the dimer. The results showed
that the dimer dissociates cooperatively resulting in a sharp rupture peak cor-
responding to breakage of the b-sheet structure. Altogether, the MD simula-
tions revealed a critical role of the interpeptide interaction in the misfolding
process, and provided additional support to our hypothesis on the key role of
the dimerization on the amyloid aggregation process.
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The aggregation of 39-42 amino acid long amyloid-b (Ab) peptides is thought
to be critical to the pathogenesis of Alzheimer’s disease, the most common
cause of senile dementia. Interestingly, small heat-shock proteins, (sHsps) in-
cluding alphaB crystallin, a ubiquitous class of molecular chaperones, are
also found colocalized with Ab peptides in extracellular plaques. Those shsps
play a central role in the avoidance of protein misfolding and aggregation, how-
ever, the molecular mechanism is not well-understood. We characterize using
unconstrained atomistic molecular dynamics simulations the interaction of
alpha-crystallin domain (ACD) with Ab peptides during their assembly. We fo-
cus our attention on small oligomers (n%10) due to their importance in toxic-
ity. Our simulations reveal how ACD influences Ab aggregation, which is
determined by the delicate interplay of surface hydrophobicitiy and electrostat-
ics. These results provide a mechanistic understanding of the protective role of
alphaB crystallin at an atomic level.
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Using a coarse-grained protein model combined with discrete molecular dy-
namics, the proteins involved in Alzheimer’s disease (AD) may be studied in
a variety of ways at atomic resolution. AD is caused by the misfolding ofamyloid beta-protein (AB). We studied the effect of di-tyrosine bonding on
folding and oligomer formation of two predominant AB alloforms, AB40
and AB42, which contain tyrosine (TYR) at position 10. To explore the possi-
ble effects of a TYR-TYR bond, Virtual Molecular Dynamics and TCL script-
ing were used to study the oligomer distribution, secondary and tertiary
structure and the rate at which tyrosine bonds form as a function of time. It
was found that TYR-TYR bonds increase the propensity to form pentamers
and hexamers in AB40, which are possible starting points for the protofibrils
that form the basis of amyloid plaque. This piece of information suggests
that di-tyrosine bonding may play a role in AD, but does not significantly affect
the structure of resulting AB oligomers.
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Aggregation of misfolded proteins into amyloid fibrils has been linked to sev-
eral disorders such as Alzheimer’s disease, or diabetes mellitus type II. Factors
such as low pH, high temperature, and agitation have been recognized to accel-
erate this process in vitro. Amyloid fibrils from unrelated proteins share similar
features on different levels of structural hierarchy: e.g. cross-beta structure, and
tendency of individual fibrils to form intertwined chiral superstructures with de-
fined morphological handedness and optical activity.
In this work we investigate this phenomenon numerically with the use of
coarse-grained numerical model of chiral fibrils. The aggregate morphologies,
chirality and stability are then analyzed as a function of temperature and initial
pitch of the fibrils. The simulations show the existence of a critical pitch below
which the handedness of the aggregates is opposite to that of the constituting
fibrils. We also observe and analyze the process of spontaneous chirality inver-
sion of individual fibrils in the aggregate. This inversion is accompanied by
a helical wave propagation along the fibril axis, with a kink separating left-
haded and right-handed regions moving along the chain. The frequency of
this process is strongly dependent on the initial pitch of the fibrils with a local
maximum near the critical pitch.
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Most proteins can interact with other proteins to form complexes. Is the dy-
namic assembly of a protein complex connected to the intrinsic flexibility of
its component subunits? Can the order of this assembly process be related to
evolutionary changes in quaternary structure? Two methodological advances
have allowed us to address these questions. First, we introduced a simple
method for predicting the free-state flexibility of protein subunits from the
structures of protein complexes based on accessible surface area calculations.
Second, we showed that we can predict assembly pathways through analysis
of intersubunit interface areas, and validated this method by experimentally
characterizing the assembly of several heteromers with macromolecular
mass spectrometry. using these new methods, we demonstrate that the intrin-
sic flexibility of protein subunits is crucial for assembly, as it facilitates the
conformational changes that enable both the packing together of multiple dis-
tinct subunits and the formation of asymmetric interfaces required for cyclic
symmetries. We also find that protein complex subunits have a strong ten-
dency to assemble in an order corresponding to their flexibility and magni-
tude of conformational change, thus suggesting a possible mechanism for
control of ordered assembly. Moreover, we reveal that changes in quaternary
structure driven by evolutionary gene fusion events tend to occur in such
a way so that they mimic the existing order of subunit assembly. This shows
that there is selective pressure in the evolution of protein complexes to con-
serve assembly pathways. Finally, we observe that evolutionarily more recent
subunits tend to be more flexible than more ancient subunits within a com-
plex. Together, these results reveal the influence of both evolution and intrin-
sic structural dynamics on protein assembly and demonstrate, for the first
time on a genome-wide scale, the biological importance of ordered assembly
pathways.
